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® An Ink jet print head (1) in wliich a portion along which both piezoelectric conversion elements (15) and a 
nozzle forming member (17) are fixed by means of an adhesive (16) is positioned at least a distance (d) 
exceeding that of a stress concentration region toward a base portion of the piezoelectric conversion elements 
(15) from a vibrating fulcrum of the piezoelectric conversion elements (15). As a result, any thermally induced 
stress concentration in the piezoelectric conversion elements (15) is diffused over the adhesively fixed stress 
that acts backward of such stress concentration region. This prevents each piezoelectric conversion element (15) 
from being deformed, thereby contributing to eliminating variations In Hie nozzle gap (5). 
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The present invention relates to an ink jet print head of a type in which plezoe ectnc conversion 
elements are selectively driven thereby to eject inic interposed between the piezoelectnc conversion 
elements and a nozzle plate onto a recording medium from nozzles provided in correspondence to the 
Diezoelectric conversion element in the form of ink droplets. . ... u » 

Japanese Patent Examined Publication No. 8953/1985 discloses inic jet printers of a type m which a 
pluraliW of piezoelectric conversion elements immersed in an inl< droplet are selectively driven to pressunze 
and eject the ink droplet present in a nozzle gap formed between the conversion members and a nozzle 
plate to record an image on a recording medium. This type of printer, which requires neither an ink 
pressurizing chamber nor an ink flow path, not only allows the print head to be formed in a very smal 
structure but also contributes to greatly reducing power consumption for printing by its efficient operahon of 
ejecting the ink In the form of droplete. which is achieved by making the nozzle gap as small ^ POSSiWe^ 
addition, the use .of a hot melt ink which can be converted into a liquid phase when heated pennits the 
orintinq of imeues free from bleeding. .' . u 

However.lie print head used in this type of printer uses piezoelectric conversion elements, each 
composed of a lamina tion of a piezoelectric plate and a metal plate. These piezoelectric conversion 
elements are susceptible to temperature<lependent. bimetel-llke defbrmaBon due to a drfference between 
the linear expansion coefficients of their materials. For this reason, when the base of each piezoelertnc 
conversion element is fixed on the nozzle plate by an adhesive that has been rendered moten by heating 
during the assembly process, each piezoelectric conversion element is defomned noticeably due to the 
Spanying heaBng' causing variations in nozzle gap between the nozzle P'^l^^'^^rin'rartmS 
member even after cooling to ambient temperature. Since tiiis nozzle gap affects the ink ejec mg 
characteristics, the assembly process thus causes variations in nozzle gap among the individual piezoelec- 
tric conversion elemente, which is of course a problem in this type of Print head. In addmonjhe 
piezoelectric conversion elements of even those printers using an ordinary liquid ink are likewise subjected 
to deformation at their normal operating temperature range between 0 and 40 C. ttj^^^by Presenting the 
problem of Impairing the quality of images recorded due to the temperature-dependent ink jethng 

^^ThTi'wStion has been made In view of the above problems, and has as an object ttie provision of an 
ink jet print head capable of recording a satisfactory image by maintelning a constant nozzle gap between 
each piezoelectric conversion element and the nozzle forming member independently of temperature 
variations. This object Is solved by the ink jet printing head of independent claim 1. Further advantageous 
features of this printing head are evident from the dependent claims, tiie description and the drawings. The 
claims are intended to be understood as a first non-limiting approach of defining the invention ,n general 

35 ^"^ThB invention provides an ink jet print head in which a portion along which both piezoelectric conversion 
elements and a nozzle-forming member are adhesively fixed is positioned at least a distance exceeding ttiat 
of a stress concentration region toward a base portion of the piezoelectric conversion elements from a 
vibrating fulcrum of the piezoelectric conversion elements. The stress concentration is caused when tiie 
Diezoelecbic conversion elemente subjected to tiiermal stress. 

AS a result of tills construction, even if a stress concentration arises in the piezoelectnc conversion 
elemente due to ttiemial stress acting thereupon at the time the piezoelectric conversation elements and the 
nozzle plate are assembled, such a stress concenti^on can be dispersed by an adhesively fDced stress 
acting in opposition tiiereto. tiius suppressing tfie deformation of the piezoelectnc coriveraon eienrjenls. 
TTierefore. it is possible not only to eliminate variations in nozzle gap ttiat influence ink jetting charaotens- 
tics but also to maintain stable printing quality due to ttie suppression within the smallest possible amount 
of the deflection of tiie piezoelectric conversion elements caused by temperature vanations. 
Rg 1 is a diagram showing ttie constmction of a basto ink jet print head of tiie invention; 
Fia. 2 is a diagram showing an exemplary ink jet printer having employing tiie ink jet pnnt head of Fig. 1 ; 
Figs 3(a) and 3(b) are diagrams for explaining tiie loads on ttie piezoelectric vibrating element, and 
50 moments and deflections acting ttiereupon. for a comparison b twe n tiie ink jet print head of ttie 
invention and a conventional ink j t print head; ^ ^ , . -jk»^„u. 

Rg 4 is a diagram showing tii relationship b tw en tiie distenc from ttie fulcrum and ttie adhesively 
fixed point and th gap formed between ttie piezoelectric vibrating element and tiie nozzle plate: 
Rg 5 is a diagram showing tiie internal stress caused in ttie piezoelecbic vibrating element; 
Rgs 6(a) and e(b) are a top view and a side view of an ink jet print head constmcled in accordance witti 
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a preferr d embodiment of the invention; and 

Fig. 7 Is a side view showing another embodiment of the Invention. 

There are now follows a description of preferred embodiments of the invention shown in the accom- 
panying drawings. 

5 Fig. 1 shows a basic inl< jet print head of the invenfion, and Fig. 2. an exemplary printer in which the 

print head of Fig. 1 is employed. 

In these figures, an Ink Jet print head 1 , which is a feature of the invention, is canied on a carnage 2 

that axially shuttles along the circumferential surface of a platen 3 so that an image to be recorded is 

printed on a recording mediums in accordance with recorded data. 
10 This ink jet print head 1 includes a casing 11 containing ink therein, a base plate 12 fixed on an Inner 

surface of the casing 11, a supporting body 13 serving both as an electric connection with a piezoelectric 

vibrating element 15 and as a fulcrum of the piezoelectric vibrating element 15. a plurality of piezoelectric 

vibrating elements 15 whose base portions are fixed on the supporting body 13 through an adhesive 14. 

and a nozzle plate 17 which fixes the base portion of the piezoelectric vibrating elements 15 by clamping 
76 between the supporting body 13 and Itself. The nozzle plate 17, in, particular, supports each piezoelectric 

vibrating element 15 by carrying part of its base portion which Is positioned a distance d backward of the 

front and edge 13a of the supporting body 13 with an adhesh/e 16 serving to provide a nozzle gap 6, as will 

be described later. 

Reference numeral 17a designates a nozzle on the nozzle plate 17 disposed so as to confront the free 
20 end of each piezoelectric vibrating element 15, and reference numeral 19 indicates a lead. 

Each piezoelectric vibrating element 15 is cantilevered in that its base portion is supported by the front 
end edge 13a of the supporting body 13. Also, each piezoelectric vibrating element 15 has a laminated 
structure of a metal thin plate 15a and a piezoelectric ceramic member 15b, each having a different linear 
expansion coefficient Thus, each piezoelectric vibrating element 15 Is deformed in the manner of a 
25 cantilevered bimetal strip as Its temperature varies. 

Such deformation can be assumed to be that of a cantilever In which a uniform stress a, i.e., a unlfonm 
bending moment M. acts upon a portion between the fulcrum and the free end of the piezoelectric vibrating 
element 15. Therefore, for a simple cantilever having its base end supported as shown in Fig. 3(b). the 
maximum nrroment M'max and maximum deflection v'^ax between the base end portion of tiie piezoelectric 
so vibrating element and the vicinity thereof confronting the nozzle, i.e., the free end portion of the cantilever, 
are as follows: 
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M' M •••(!) 

wherein E represents an elastic modulus of the cantilever, and I represents a geometrical moment of inertia 
of the cantilever. 

However, as described previously, the piezoelectric element 15 is fixed by clamping by the nozzle plate 
17 at a point the distance d backward of its fulcrum, so that an initial counterweight W acts thereupon. 
Thus, as shown in Rg. 3(a), a maximum moment Mmax which acts upon the fulcrum receiving the 
counterweight W is calculated as follows: 
M^^^M-^Wd (3) 

The second differential of the deflection curve of tiie cantilever by W is proportional to the bending 
moment The inclination of the fulcrum, being proportional to the first integral of the bending moment. Is 
expressed, using a coefficient K, as follows: 

KWd^ 



66 Hence, the maximum deflection at its free end is obtained as follows: 
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* The model shown in Rg. 3(a) does not necessarily satisfy the condition for balancing the various forces- 
actin^^erSn TOsTs because L model has been presented me,Bly to ^^^^ !^^f^^^^J '"^^ 
SmSJ W is dependent on the distance d. and thus for clarity *ls ^'"P^f/Jjf 
S^ted it should be noted that, in actual cases, the portion of the cantilever which is further b«k « 
SSm subj^d to forces such as a defom,ation-dependent reaction force and a restr.ctve force 
^STp^yi^g STbending moment, and that these forces are neglected in the above descnptoa 

Sore between the piezoelectric vibratlns eiemerrt whose base portion .s «'"P)y ^^'^^f^^" J^^^^ 
Diezoelectric vibrating element having an initial counten*eiQht W acted upon a porton the d'^ance d 
E^ro? ii fSc;!. the difference in maximum deflection at their f,Be ends when they are subjected to 
a tiiermal distortion is calculated as follovirs. 
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Thus aoart from the rigidity inherent in the material of the piezoelectric vibrating element 15. deflection 
of th^frle^S piezLectric vibrating element 15 can be reduced in P^P^'^*'" *° ^^^^^^.P^^^^ 
^Lrther distancing 5s adhesively fixed point from the front end edge Jfl^^P^^ J';^^^^ 
This means that even H a different them^al distortion occurs m each of the piezoelertnc ^^<^^ 
otemTn^TsTlhe flrne the base portion of the piezoelectric vibrating element 15 ,s assembled onto the 

etement 15 can be substantially reduced to zero even with respect to a vanabon in room temperature of 

""'iS^menJ^^eS SSi'^a piezoe.ectHc vibrating element 15 operated in a molten ink hea^d to 
150-TS^r^sIng ttirtemperalure by 100* C. The piezoelectric vibrating element was a lam.na^on 2 mm 
n fengt^compSe? of Inw having a Lar expansion coefficient 2^0 x '^-'J]'!;^^^^^^^^^^^ 
and a^ezoelectric material having a linear expansion coefficient of 4 x '^J'^l.^^^^l 
urn. The base portion of the piezoelectric vibrating element was bonded to the n<«de P'^f ^y he^ng rt^o 
c As Shown in Fig 4. it was found that the larger the distance d from the front end e^e 13a of the 
Spring ^riS toL adhesively fixed point of the piezoelectric vibrating element 15. the jma^«^tte 
S^fn 2£le gap s becomes. It was also found that H the distance d is 0.5 mm or more, the .nfluence 
40 of the distance din case Of temperature variations is substantially eliminated. 

On fte o^er hand, when subjected to a them,al stress, the piezoelectric vibrabng element 15 ^"ffers a 
large s^ss concentration at its fulcrum, i.e.. the point abutted against '^"'.^l^jse 13a^f ^ 
suDoorting body 13. However, as is apparent from the simulation shown in Rg. 5. it was a'^^^^^* 
3 a Si concentration acting on the piezoelectric vibrating element 15 ^"^^ 
we adhesively fixed point on the base portion rearward from the stress concentrahon region, thereby 
keeoina the deformation of the piezoelectric vibraHng element as small as possible. :« 
iSoughTe above description relates to a case in which each piezoelectric vibratng element 15 .s 
deformed Se to Smal distortion In a direction departing from the nozzle plate 17. there may be a case. 
SpeTding^HL ieafScpans^ coefTicients of the metal thin plate 1 5a and *e Piezoetecbic cem^^^ 
mem!er?5b and the lamination arrangement, in which each piezoelectric vibradng element 15 is defomned 
drrtherSiS iSri^Tn a direction approaching the nozzle plate 17. ^^X"" ^^Slf^o 

SLh^on force of the adhesive 16. acting in the same manner as the '^^'^^^^^'^'^^'^^ 
eleSng the base portion of the piezoelectric vibrating element 15. As a result, the same effect as above 

65 ^ B^mi^d 6(b). respectively, show a specific example of the invention having a construction based 

°" t a base plate 22 made of stainless steel has an insul^ng layer 22a ^omjed in^r^y 

th r onTa drcult Loard and which is made of a material such as a polylmlde resin. A supporting body 23. 
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serving both as a conductor for selectively making connection to each .piezoeiectric vibrating element 25 
and as its fulcrum. Is formed as an electroconductive circuit pattern accurately etched by photolithography 
on the insulating layer 22a. Particularly, the supporting body 23 Is accurately constructed so that its front 
end edge 23a can function as a fulcrum of the piezoelectric vibrating element 25. Also, the supporting body 
23 is made thick enough to protect the effective length of the piezoelectric vibrating element 25 from any 
run-off of excess adhesive 24. Thus, the thickness of the supporting body 23 is determined in consideration 
of the thickness of the adhesive 24 which is to be applied thereon. Thus, thicknesses at least in excess of 
the thickness of the adhesive 24 are required, as shown In Table 1 . 

Table 1 



Thickness of 

adhesive 

(urn) 


Thickness of 
supporting body 
(urn) 


Stability of 
fixed end 


20 


5 


X 


15 


A 


40 


O 


30 


5 


X 




X 


40 


O 


O - Very Stable 


A - Poor in some cases 


X - Unstable 



The bar-like piiszoelectric vibrating element 25, formed in multiplicity and fixed on the supporting body 
23 through the adhesive 24 having electroconductive particles 24a mixed therein, is a ttiree-layered 
member composed of a metal thin piate 25a made of an iron-NI alloy, a piezoelectric member 25b. and a 
thin film 25c made of a metal such as gold, and is electrically connected to the supporting body 23 through 
the metal thin film 25c and the electroconductive particles 24a. 

A nozzle plate 27, which is disposed on each piezoelectric vibrating element 25 with a predetermined 
nozzle gap a provided through an adhesive 26 having gap forming particles 26a therein, has an array of 
nozzles 27a confronting the free ends of respective ones of the piezoelectric vibrating elements 25. On the 
inner surface of the base portion thereof, a single groove 28 is provided extending from a point the distance 
d backward of the front end edge 23a of the supporting body 23 parallel with the front end edge 23a. The 
flow of the adhesive 26 supplied from the base portion side of the piezoelectric vibrating element 25 is 
restrained by the groove 28 so that a countenveight can be formed the base portion of the piezoelectric 
vibrating element 25. thereby to adhesively fix this base portion on the inner surface of the nozzle plate 27. 

m this embodiment, it is ensured that each piezoelectric vibrating element 25 can vibrate properly with 
the accurately formed front end edge 23a of the supporting body 23 as a fulcrum. The vibrating element 25, 
free from any temperature-dependent influence, can also be fixed correctly on the supporting body 23 the 
distance d backward of the front end edge 23a by the adhesive 26 that has been positioned at the groove 
28 of the nozzle plate 27 forming a meniscus therein. 

An embodiment shown In Rg. 7 involves another technique for positioning the front end edge of an 
adhesive 36 a distance d backward of the front end edge 33a of the supporting body 33. 

That Is. In the embodiment of Rg. 7 a thin metal plate 35a formed at an uppermost position of each 
piezoelectric vibrating element 35 is chipped from the base portion thereof, the chipped portion serving as a 
groove 38 for restraining the flow of the adhesive 36. 

Accordingly, the flow of the adhesive 36. which is in a fluid state due to its being heated, is checked at 
a point the distance d backward of the front end edge 33a of the supporting body 33, thereby to correctly 
adh sively fix th piezoelectric vibrating element 35 on a portion d fined by such a point below the nozzle 
plate 37. 

As described above, according to the inv ntion. the adhesively fixed portion, between each piezoelec- 
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trie conversion element and the nozzle forming member is positioned backwardly of the sfress concentra- 
ron^irrthercrum portion of the piezoelectric conversion elements. Therefor . any thermdly mduced 
s^^ c^^cinSSion in the plez^^^ element will be diffused over the adheswely fixed stress 

S^cte bSS of such stress concentration region. This prevents each piezoelectdc convers.c^ element 
Jr^m telng dimmed, thereby contributing to eliminating variations in the nozzle gap. which has a strong 

^"^n riBr. 'L' nrl^Suctlon Wherein the adhesive, fixed stress a^ upon the adhes.^^^^^ 

fixed pStion which has been shifted backward of the vibrating fulcrum, temperature^ependen deflecton erf 
t?e plezS^Wc conversion elements can be limited to the smallest possible amount, thus allowng stable 
Drinlina quality to be maintained at all times. ^i. • 

'^ Furthermore, the provision of the groove for positioning the adhesive etther °« "^/"'^i'J „^ 
nozzle formina member or on the surface of the piezoelectric conversion elements confronting the no^le 
SL^JSerpermte the adhesive in liquid state supplied from the tail end portion of piezoelectric 
J^eTsion SemeStsTbe correctly posltio'ned a predetermined distance backward of the fulcrum, thereby 
preventing inconsistency in printing characteristios between print heads as well. 



Claims 



1 An Inkjet prirvt head (1) comprising: a supporting body (13. 23, 33). a plurality o piezoelectnc con-ejs,on 
liemeiS^ (Ts 25. 35) flxei to id supporting body at base ends thereof in a cantilevered "tanner suc^hJJ 
an^doe (13a 23a. 33a) of said supporting body (13. 23.33) acts as a fulcrum of said piezoelecfric 
an edge nda.^^a, ooa, o a positioned over said piezoelectric conversion 

:~( 5 1^ 3? wl* f gap%) reSiCn.^and a^ adhesive (16. 26. 36) for fixing said nozzle 
0r2??^to;S plezoelltric conversion elements (15. 25. 35) at said base ends of said ^^^^ 
SJm^ioPeLents'said adhesive (16. 26. 36) terminating such that s^d gap (a) e^Je^d-nj^^^^^ said 
fulcnjm toward said base ends of said piezoelectric conversion elements (15. 25 3^ by a ™ce ^. 
S^e ink jet print head of claim 1. wherein said distance (d) at "Jg^ 
stress concentration toward said base ends of said piezoelectric conversion elements (15. 25. 35) fron^J^° 
Scmm. saTd Sess concentratton being caused when said piezoelectric conversion elements are subjected 

to thenmal stress. ^ „ . ^ , . . 

3 The ink let orint head of claim 1 or 2. wherein said distance (d) is at least 0.5mm. 

4 nkSS head according to one of the preceding claims, wherein a groove (28) for limiting a frort 
enrage JSJaSisive (26) is formed in said nozzle plate (27) at said distance (d l^kward of said 

fulcnim toward said base ends of said piezoelectric convei^ion element (25). said groove (28) 
extending preferably parallel with sad edge (23a) of said supporting body (Z3). 
T^e ink jet print head according to one of the preceding claims, further ~'"P"^'"9 ^ jStr^S 
(35a) fc^ to ^ of said piezoelectric conversion elements (35) on free ends thereof and on a side *erert 
SoS sS^oale plL (37). said thin metal plate tem,inatlng at least said distance (d) from said 

^ 6 '^Urink jet print head according to one of the preceding claims, further comprising: a base plate (22) an 
fnsISng ijef (Sa) fom^ed on ?ne side of said base plate (22). said supporting body (23) being fixed to 

rrrrS pXS according to one of the P-dlng claims further compris^^^^^^^^ 
46 (14. 24) fixing said piezoelectric conversion elements (15. 25) to said supporting body 13.M), &ie thickness 
S said suDDOrtina body (13. 23) being greater than the thickness of said layer of adhesive (14 24^ 
a " e rS pS h^iU Jlng to'one of the preceding claims, wherein a ^^^.^^^^ 
end edge of said adhesive (36) is formed In said piezoelectric conversion e ement (35) at ff^ J^J^"^ 
backJ2d Ssaid vibrating filcn^m toward said base ends P'^r'^^^^HiT^rras^^^^ 
said groove (38) extending preferably parallel with said edge (33a) of said supporting body (33). 
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